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NOTE

ESTIMATES OF LAKE ST. CLAIR EVAPORATION®

Jan A. Derecki
National Oceanic and Atmospheric Administration
Environmental Research Laboratory
Great Lakes Environmental Research Laboratory
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104

ABSTRACT. Monthly evaporation from Lake St. Clair was determined for individual years of a 26-year
period, 1950-75, by the mass transfer method applied to available land-based data adjusted to overwater
conditions. Because of extensive ice cover on the lake, the overwater mass transfer results were adjusted
for the effect of ice cover during winter. The ice-cover adjustment reduced the average annual evaporation
by 100 mm to 750 mm. The mass transfer method is the only technique that permits operational evapora-
tion estimates from this lake with presently available data and it is also the approach most amenable to

future improvements.

INTRODUCTION

Evaporation from Lake St. Clair is needed for a
variety of Great Lakes hydrology studies, particu-
larly those dealing with the water balance of the St.
Clair River-Lake St. Clair-Detroit River system. A
typical example is the recent international (United
States-Canada) coordination of monthly St. Clair
and Detroit River flows by the River Flow Sub-
committee of the Coordinating Committee on
Great Lakes Basic Hydraulic and Hydrologic Data
(Derecki 1978a). Comparison and coordination of
these flows requires independently determined
long-term monthly values of overwater precipita-
tion, drainage basin runoff, lake evaporation, and
lake storage. Summation of these variables consti-
tutes the hydrologic balance between the two
rivers and permits transfers of the river flows
(Quinn 1976). This note summarizes the results
of a study conducted to determine long-term
monthly evaporation from Lake St. Clair for the
1950-75 period (Derecki 1978b).

METHOD

When availability of data is considered, the only
technique that permits operational evaporation
estimates from Lake St. Clair is the mass transfer
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method. Other feasible approaches, such as water
or energy budgets, cannot be used on this lake
because of lake characteristics or data limitations.
Water budget computations are meaningless
because of extremely large inflow-outflow volumes
in relation to the size of the lake, which make
evaporation roughly equivalent to 1 percent of the
inflow or outflow and require accuracy beyond
practical limits. Data requirements for the energy
budget method are even more stringent and pre-
clude computation of long-term monthly evapora-
tion by individual years.

Lake evaporation determined by the mass trans-
fer method is a function of the overwater wind
speed and the vapor pressure difference between
the saturated air at the water surface and the air
above. Lake St. Clair evaporation was computed
by the modified Lake Hefner equation (U.S.
Geological Survey 1954), which for metric units
and climatological data standardized at the 8-m
level becomes

E =0.097 (e - e,) U,
where evaporation (E) is in millimeters per day,

saturated vapor pressure (e,) and air vapor pressure
(ea) are in millibars, and the wind speed (Ua) is in
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FIG. 1. Lake St. Clair and location of data stations.

meters per second. Equation modification involves
adjustment of basic data to overwater conditions,
since all long-term data are restricted to land stations
(Figure 1).

The Lake Hefner mass transfer equation was
tested on Lake Mead (U.S. Geological Survey 1958)
and adopted for use on the Great Lakes by Richards
(1964), who modified the basic equation by
incorporating monthly lake/land wind and humidity
ratios. This approach was used in subsequent studies
to compute long-term Great Lakes evaporation for
monthly periods (Richards and Irbe 1969, Derecki
1976). In the present study the constant monthly
ratios are replaced by variable adjustments to
reflect changes in monthly weather conditions from
year to year. The land to lake adjustments for wind
and humidity (air and dew point temperaturues)
are based on air stability and overwater fetch criteria
applicable to Lake St. Clair. These adjustments
were obtained from the results presented by Phillips
and Irbe (1978), which were determined from the
International Field Year on the Great Lakes
(IFYGL) observations conducted on Lake Ontario
during 1972-73.

Determination of saturation vapor pressure and
air stability, defined as air-water temperature
difference (T, - T_), requires water surface
temperatures. afhe onK/ sources of long-term water
temperature records on Lake St. Clair are the
municipal water intakes. These subsurface records
were adjusted to represent lake surface conditions
by using water surface data from shipboard observa-
tions. The water surface temperature adjustments
were derived from water temperature surveys con-
ducted by the Great Lakes Environmental Research
Laboratory (GLERL), NOAA, during the 1974
open-water season. Lake surface temperatures

during winter were estimated from ice-cover obser-
vations and air temperatures.

Because of extensive ice cover on Lake St. Clair,
winter evaporation computed by the mass transfer
method for open-water conditions may be consider-
ably overestimated. The ice-cover reduction of»
evaporation is included by considering both open-
water and ice-covered areas of the lake during
winter. Partial suppression of evaporation by ice
cover was evaluated by considering the ice cover
effects on air stability (wind and dew point tem-
perature) and vapor pressure. Monthly lake ice
cover was determined from ice surveys conducted
regularly since the winter of 1961 by the Lake
Survey Center (presently GLERL), NOAA, and
Ice Forecast Central in Canada. Estimates of ice
cover prior to 1961 were obtained from monthly
ice cover-air temperature relationships derived
from the available data (Derecki 1978b).

The mass transfer coefficient represents the
Lake Hefner calibrated constant, and its use for
Lake St. Clair may be questionable. In subsequent
IFYGL evaporation studies, Quinn and den Hartog
(1979) found considerably lower values for Lake
Ontario. Their 3-m level mass transfer coefficient
(M) from the regression is 0.107 (Figure 2), com-
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FIG. 2. Mass transfer coefficients derived from Lake
Ontario IFYGL results.

pared to the Lake Hefner value of 0.124. However,
as pointed out in their study, the trend of the data
points is clearly curvilinear and the use of coefficient
M will produce underestimates during high evapora-
tion periods and overestimates during low evapora-
tion periods. Since low evaporation (including
condensation) is clustered around zero. its over-




218

estimation will have little effect on the net total,
but underestimation during high evaporation
periods is significant, with a resulting reduction of
net evaporation values. Approximating the curve
with two straight lines (dashed) eliminates the bias,
with resulting constants of 0.070 and 0.133 for the
low and high evaporation portions of the curve
(M; and M, ), respectively. The weighted average of
these two values for the indicated range gives a
weighted coefficient of about 0.120, which is much
closer to the Lake Hefner constant of 0.124. For
the 8-m level computations, used in the present
study, this Lake Hefner constant is equivalent to
0.097. Data and calculation details are given in
the evaporation report (Derecki 1978b).

RESULTS

The mass transfer evaporation computed by the
Lake Hefner equation modified for lake surface
conditions is given in Table 1. Adjustment of the
wind speed and vapor pressure difference to the
standard height of 8 m produced a net computed
increase in evaporation of 10 percent. The average

TABLE 1. Lake St. Clair mass transfer evaporation, mm.
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annual evaporation from Lake St. Clair for the
1950-75 period is 748 mm, with annual extremes
of 533 mm in 1956 and 967 mm in 1958. Seasonal
distribution of the mass transfer evaporation esti-
mates, indicating average, maximum, and minimum
monthly values, is shown in Figure 3. The average
monthly evaporatlon varies from 17 mm in February
to 134 mm in September. The individual monthly
extremes range from 8 mm of condensation to
193 mm of evaporation. The low evaporation
trough for Lake St. Clair extends throughout
winter and early spring, in contrast to that for the
Great Lakes, where it normally occurs in spring.
Extension of low evaporation through winter is
caused by extensive ice cover. Even without the
ice, the low and high evaporation periods from
Lake St. Clair would tend to occur sooner because
of limited heat storage capacity in this shallow
lake.

The reduction of Lake St. Clair evaporation due
to ice cover is significant throughout winter
(Derecki 1978b). The average reduction is approxi-
mately 40 mm in January and February and 10 mm
in March and December, with an annual total of

Year Jan. Feb. Mar. Apr. May June July  Aug. Sept. Oct. Nov.  Dec. Annual
1950 173 140 265 179 36.5 40.0 596 939  88.8 67.7 1119 33.1 607.1
1951 176 96 154 7.8 326 346 443 837 1331 77.6 90.2 39.2 5858
1952 151 155 142 127 554 57.5 774 869 1336 1720 710 379 749.2
1953 19.7 309 95 299 16.1 337 68.7 1218 1769 108.1 940 656 774.8
1954 267 165 336 -16 790 8.0 86.1 1237 1335 106.1 719 420 7255
1955 268 102 242 53 570 431 480 951 1353 95.5 979 394 6778
1956 156 111 180 211 26.8 17.2 407 734 1300 69.5 843 247 5325
1957 236 113 219 -08 53.5 35.5 486 1218 1049 121.7 916 395 673.1
1958 368 229 184 181 131.1 75.7 498 1423 1455 1499 1334 435 9674
1959 118 158 279 262 379 894 1046 91.1 1615 1290 989 26.7 820.8
1960 213 199 139 -63 289 393 760 708 1168 1123 774 654 6356
1961 204 120 175 213 857 620 573 839 1035 1149 1175 639 759.8
1962 28.1 64 247 370 476 52.2 774 885 1527 1034 699 51.1 739.0
1963 6.0 82 26 457 896 618 1051 1718 1498 126.9 977 516 9169
1964 249 186 6.8 9.7 85.1 73.2 903 1132 1303 101.7 81.5 32.7 768.1
1965 252 177 179 64 172 647 928 956 91.1 131.8 95.7 418 6979
1966 370 112 192 274 94.7 54.8 969 1076 1415 126.7 63.5 51.7 8322
1967 257 124 107 209 828 317 534 1284 1353 78.1 900 352 7047
1968 173 205 81 369 49.9 269 57.3 101.7 1014 125.2 810 543 6805
1969 246 267 507 151 554 420 455 998 156.0 145.0 72.7 428 776.5
1970 77 149 252 89 29.9 54.5 383 1463  140.7 840 1076 622 720.1
1971 253 141 264 430 1037 288 1375 1627 1059 81.7 1274 519 9085
1972 480 261 384 308 409 63.5 414 853 1327 1324 769 372 753.5
1973 426 228 -7.7 331 . 502 15.9 66.5 1087 1928 1204 9.4 680 809.8
1974 323 201 247 197 59.5 492 979 1111 166.2 121.7 956 41.5 8394
1975 434 320 395 466 370 319 1003 948 130.8 115.1 582 696 7990
Mean 247 170 203 205 571 45.7 716 107.8 134.2 112.2 90.5 46.6 748.3
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FIG. 3. Lake St. Clair mass transfer evaporation, 1950-75.

about 100 mm. Evaporation reduction due to
April ice cover may be important during individual
years, but has no significant effect on average long-
term values.

Reduction of evaporation due to ice cover is.

equivalent to the increase in evaporation derived
from overwater adjustments of lake perimeter
data. Without wind and humidity adjustments,
the lake perimeter evaporation estimates result in
gross underestimation of overlake evaporation
during the entire high evaporation season (about
30 mm per month) and produce an annual total
about 100 mm too low.

Because long-term montly Lake St. Clair evapo-
ration could not be verified by other methods
(water or energy budgets), an indirect approach
was used to provide relative evaluation of the mass
transfer results. The indirect evaluation of Lake St.
Clair evaporation based on comparison with adja-
cent lakes and pan evaporation data is shown in
Figure 4. Because of climatic and physical similar-
ities, Lake Erie was chosen. Lake Erie evaporation
was determined by the water budget method
(Derecki 1976) and should reflect actual surface
conditions during winter. The ice cover on Lake
Erie is also extensive, and the available mass trans-
fer estimates do not include ice-cover reduction of
evaporation. Both magnitude and seasonal distribu-
tion of evaporation on the two lakes appear reason-
able. Lake Erie values are higher during most of
the year, reflecting greater overwater fetch and
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FIG. 4. Comparison of Lake St. Clair evaporation with Lake
Erie and pan observations, 1950-75,

heat storage effects during summer and winter
respectively.

The pan evaporation data are for southeast lower
Michigan, with some estimates based on extrapola-
tion of partial records during winter. As expected,
annual pan evaporation is much higher than lake
evaporation. Reduction of pan evaporation by a
pan coefficient, such as the traditional 0.70 value
employed, produces annual evaporation of reason-
able magnitude, which could be used as a rough
indication of lake evaporation. However, the sea-
sonal distribution of pan evaporation is completely
different because of heat storage effects.
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